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TARGET  ACQUISITION  MODEL 
SUMMARY 


1.  Purpose.  - This  documentation  describes  the  methodology  and 
input  requirements  for  the  Target  Acquisition  Model. 

2.  Background.  - The  Nonnuclear  Ammunition  Combat  Rates  Methodol- 
ogy uses  computerized  simulation  models  to  assist  in  war  gaming 
combat  activities  affecting  theater  ammunition  requirements.  The 
US  Army  Concepts  Analysis  Agency  has  been  tasked  by  ODCSOPS  to 
perform  a Nonnuclear  Amminition  Combat  Rates  Methodology  Improve- 
ment Study-Part  II  (AMMIP  II). 

3.  Methodology.  - The  Target  Acquisition  Model  simulates  the 
acquisition  or  units  in  a target  force,  by  the  sensors  in  an 
acquiring  force.  The  target  force  is  played  at  small  unit  resolu- 
tion. The  acquiring  force  is  played  at  the  individual  sensor  level 

» of  resolution.  The  model  produces  an  a priori  history  of  the 

acquisition  events  that  will  occur  over  a period  of  time.  The 
Target  Acquisition  Model  uses  basic  sensor  data  and  target  arrays 
as  input.  The  outputs  of  the  Target  Acquisition  Model  serve  as 
inputs  to  the  Blue  Artillery  Model  and  the  Red  Artillery  Model. 

* 4.  Summation.  - This  docir^-nt  is  one  of  a series  which  describes 
the  models  and  associated  nr  vhodologies  used  in  the  Nonnuclear 
Ammunition  Combat  Rates  Methodology.  Figure  1 presents  an  oyer- 

* view  of  the  methodology  and  illustrates  the  flow  of  interactions 
between  the  models  and  associated  methodologies.  Additional 
information  can  be  obtained  from: 

Cocmiander 

US  Army  Concepts  Analysis  Agency 

t ATTN:  Director,  War  Gaming  Directorate 

8120  Woodmont  Avenue 
Bethesda,  MD  20014 
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TARGET  ACQUISITION  MODEL 
CHAPTER  I 

TECHNICAL  DESCRIPTION 


1.  Introduction.  - The  Target  Acquisition  Model  (TAM)  is  a 
simulation  of  the  acquisition  of  targets  in  a target  force  by  the 
sensors  of  an  acquiring  force.  The  purpose  of  the  simulation  is 
the  generation  of  acquisition  events  which  will  ultimately  result 
in  requests  for  fire  missions  to  be  delivered  by  an  artillery 
firing  force.  The  target  force,  represented  to  the  model  by  a 
static  target  array,  is  played  at  the  small  unit  level  of  resolu- 
tion. The  acquiring  force  is  played  at  the  individual  sensor  level 
of  resolution.  The  model  addresses  input  target  arrays  for  a 6- 
hour  game  time  period  and  produces  an  a priori  list  or  history  of 
arquisition  events.  A time  sequenced  acquired  target  list  is  out- 
put in  the  format  necessary  for  subsequent  simulation  by  the  Blue 
Artillery  Model  (BAM)  and  the  Red  Artillery  Model  (RAM)  used  in  the 
Nonnuclear  Ammunition  Combat  Rates  Studies. 

2.  Assumptions.  - The  Target  Acquisition  Model  converts  a static, 
time  independent  target  array  into  a dynamic,  chronicle  of  acquisi- 
tion events.  The  methodology  used  to  accomplish  this  conversion  is 
based  on  the  following  assumptions. 

a.  Detection  events  which  do  net  result  in  a reasonable  iden- 
tification of  the  elements  detected  do  not  result  in  target  acqui- 
sition for  purpose  of  engagement  by  artillery  fire. 

b.  Detection  events  which  do  not  result  in  an  accurate  loca- 
tion of  the  elements  detected  do  not  result  in  target  acquisition 
for  purpose  of  engagement  by  artillery  fire. 

c.  Acquisition  events  against  targets  known  to  have  short 
dwell  times  by  sensor  systems  which  have  slow  report  response  times 
do  not  result  in  target  acquisition  for  the  purpose  of  engagement 
by  artillery  fire. 

d.  The  length  of  the  time  period  being  simulated  is  sufficiently 
short  that  the  movement  of  target  units  during  the  time  between 
acquisition  events  can  either  be  ignored  or  accounted  for  outside 

of  the  model . 

e.  The  acquiring  fc'ce  and  the  target  force  are  located  on 
opposite  sides  of  a conventional,  continuous  forward  edge  of  the 
battle  area  (FEBA) . 

f.  The  probability  that  a target  is  acquired  is  a function  of 
single  element  p-obabi 1 ity  of  detection,  the  probability  that  the 
target  is  covered  by  a sensor,  and  the  probability  that  line  of 
sight  exists  from  the  sensor  to  some  elements  of  the  target. 

g.  The  target  array  is  resolved  to  those  target  sizes  which 
are  expected  to  be  acquired  as  individual  targets. 
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h.  The  decision  process  of  estimating  the  particulars  of  a 
target,  given  that  some,  but  not  all,  of  the  target  elements  have 
been  detected  and  identified,  can  be  simulated  using  a binomial 
probability  formulation. 

i.  Data  exists  which  will  permit  an  acceptable  treatment  of 
multiple  acquisition  of  the  same  target,  given  those  targets  which 
will  be  acquired  at  least  once. 

j.  Data  exists  which  will  permit  a realistic  assignment  of 
clock  times  to  acquisition  events. 

k.  The  elements  which  are  likely  to  be  detected  in  a target 
can  adequately  be  described  as  tronps  and  any  one  particular  type  of 
military  equipment. 

3.  Limitations.  - The  following  limitations  are  inherent  in  the 
methodology  implemented  by  TAM,  or  in  the  model  itself. 

a.  Only  20  different  kinds  of  sensors  can  be  played.  The  user 
is  required  to  provide  data  for  eight  specific  kinds  of  sensors, 
described  later  in  this  chapter.  The  user  may  suppress  one  or  more 
of  these  base  case  eight  sensors  through  inputs 

b.  The  target  force  cannot  have  more  than  4,000  individual 
targets.  The  acquired  target  list,  including  multiple  acquisitions, 
cannot  exceed  1,000  target  acquisitions. 

c.  The  model  is  programmed  to  address  a 6-hour  game  time 
period.  The  user  can  cause  the  model  to  address  a period  shorter 
than  6 hours  by  providing  multiple  acquisition  function  inputs 
and  clock  time  distribution  inputs  for  a shorter  period.  The  user 
cannot  cause  a t^e  period  simulation  to  exceed  6 hours. 

d.  The  model  will  address  as  many  as  four  consecutive  6- 
hour  periods  in  a continuous  game  time  day.  It  can  be  used  to 
address  the  same  target  array  in  each  of  these  periods  or  a 
different  target  array  in  each  period.  The  model  does  not  have 
provisions  for  determining  which  targets  have  been  destroyed  from 
one  acquisition  to  the  next  or  from  one  period  to  the  next.  The 
game  clock  time  cannot  exceed  2400  hours. 

e.  The  user  can  describe  targets  as  being  one  of  16  categories 
of  target.  Target  categories  six  through  nine  must  be  defined  as 
armored  or  mechanized  targets.  The  16  target  categories  used  in 
the  Nonnuclear  Ammunition  Combat  Rates  Studies  are  described  ii 
Table  1-1. 
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TABLE  1-1,  Sample  Target  Category  Definitions 


Category 

Description 

1 

Dismounted  troops  prior  to  final  assault 

2 

Dismounted  troops  in  final  assualt 

3 

Dismounted  troops  in  assembly  area--hasty 
positions 

4 

Dismounted  troops  in  assembly  area --prepared 
positions 

5 

Infantry  in  prepared  defense 

6 

Mechanized/armor  units  in  assembly  area-- 
hasty  positions 

7 

Mechanized/armor  units  in  assembly  area-- 
prepared  positions 

8 

Mechanized/armor  units  in  column 

9 

Mechanized/armor  units  in  attack 

10 

Service  units  in  hasty  positions 

11 

Service  units  In  prepared  positions 

12 

Headquarters,  command  posts,  observation 
posts 

13 

Truck  convoys  stopped--troops  prone 

14 

Dismounted  troops  in  approach  march 

15 

Artillery  units  in  hasty  positions 

16 

Artillery  units  in  prepared  positions 

f . The  methodology  implemented  by  the  model  is  designed  to 
treat  sensors  which  are  located  on,  or  on  the  friendly  side  of, 
the  FEBA.  These  sensors  are  simulated  as  though  they  search 
across  the  FEBA  in  a continuous  2one  bounded  by  the  sensor  maximum 
range.  Sensor  types  that  do  not  fit  this  description  can  be  played 
in  the  simulation  if  suitable  adjustments  are  made  in  the  input 
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data  for  those  sensor  types.  Methods  for  ma'ing  ihese  adjustments 
are  discussed  later  In  this  chapter. 

g.  The  model  does  not  provide  for  the  Input  of  different 
probabilities  of  detection  for  daylight  cond\Hons  and  nighttime 
conditions  during  a series  of  consecutive  f -hour  period  simulations. 
The  user  can  either  modify  subroutine  ADJUST  to  accomplish  modifi- 
cations to  1 'pui  probabilities  or  he  can  treat  daylight  activities 
and  n1yhtt1m».  ii vltles  with  different  simulation  runs. 

h.  The  model  does  not  provide  for  false  acquisitions.  The 
user  can  Include  In  the  target  array,  units  which  are  described  as 
targets  for  acquisition  purposes,  but  which  In  fact  have  ' *>  troops 
or  elements  at  risk  to  artillery. 

4.  Preparation  of  Simulation.  - Detailed  format  specifications 
for  the  preparation  of  Tnput  data  necessary  to  exercise  TAM  are 
described  In  Chapter  III.  A sample  game  situation  and  the  cof.(1ete 
set  of  Inputs  necessary  to  use  TAM  to  simulate  that  situation  .'re 
contained  In  Chapter  V.  The  procedures  suggested  to  prepare  a 
situation  for  simulation  with  TAM  arc  described  below.  A combat 
sample  (or  combat  stylized  period)  Is  defined  for  the  purposes  of 
this  discussion  as  a set  of  target  arrays  which  represent  opposing 
forces  at  a particular  level  of  activity,  for  one  day.  A specific 
combat  sample  might  be  defined  as  a blue  division  defending  against 
a red  army  attack,  for  one  day.  The  Target  Acquisition  Model  can 
treat  as  many  as  four  combat  samples  In  two  model  runs.  One  run 
would  treat  the  red  force  as  the  target  force.  The  other  run  would 
treat  the  blue  force  as  the  target  force.  The  procedures  outlined 
In  the  remainder  of  this  paragraph  must  be  implemented  twice  for 
each  combat  sample;  once  for  blue  sensors  acquiring  red  targets 
and  r.-.r'1  for  red  sensors  acquiring  blue  targets. 

- T >-pet  Array.  - The  user  must  develop  or  obtain  a target 
array  for  the  combat  sample  target  force  which  does  not  exceed  the 
model  limitations.  Each  unit  in  the  target  array  must  be  coded  in 
the  format  prescribed  for  the  Target  Array  Deck  (sec-  Chapter  III). 
Target  array  data  consists  of: 

(1)  Necessary  Data.  - The  target  array  data  which  Is 
i s«J  by  TAM  Includes: 

(a)  target  environment  codes 

(b)  target  mobility  codes 

(c)  target  category  codes 
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(d)  distance  from  the  target  to  the  FEBA 

(e)  military  equipment  type  code 

(f)  quantity  of  troops  In  the  target  at  risk  of 

acquisition 

(g)  quantity  of  military  equipment  In  the  target  at 
risk  of  acquisition 

(2)  Extraneous  Data.  - The  target  array  data  which  Is 
not  used  by  TAM,  but  which  may  be  Included  by  the  user  for  Innut 
to  subsequent  models,  Includes: 

(a)  target  Identification  number 

(b)  target  coordinates 

(c)  quantity  of  troops  In  the  target  at  risk  to 

artillery 

(d)  quantity  of  tanks  In  the  target,  at  risk  to 

artillery 

(c)  quantity  of  18  oth«r  Items  of  military  equipment 
In  the  target  at  risk  to  artillery 

b.  Target  Characteristics.  - The  model  recognizes  six 
different  "types  "of  targets  with  respect  to  target  element  composi- 
tion. The  six  types  of  elements  are  combat  troops,  service  vehicles, 
tanks  and  armored  vehicles,  artillery  pieces,  noncombat  troops, 
and  heavy  weapons.  The  data  In  the  Target  Array  Deck  describes 
each  unit  as  being  one  of  the  above  six  types  (the  model  assumes 
that  all  targets  nave  troops).  To  provide  a basis  for  estimating 
the  size  of  acquired  targets,  the  user  must  analyze  the  target 
force  and  make  the  following  determination  for  each  of  the  six 
type  targets. 

(1)  Organizational  Size.  - The  user  must  select  the 
three  most  likely  organizational  sizes  of  a uni'  which  might  be 
acquired.  Generally,  these  should  represent  a small,  a medium  and 
a large  target  of  that  type.  For  example:  platoon,  company,  and 

battalion  might  be  selected  for  units  having  tanks  and  armored 
vehicles.  If  a type  unit  (such  as  artillery)  Is  likely  to  b« 
acquired  In  only  one  organizational  size,  the  user  can  select  that 
size  (battery)  to  represent  all  three  sl^es. 


1-6 


(2)  Organizational  Inventory.  - For  each  organizational 
size  selected,  a determination  must  be  made  about  the  quantity  of 
equipment  (of  the  type  which  defines  the  organizational  type  unit) 
expected  to  be  In  that  size  unit.  For  example,  it  might  be 
determined  that  In  tank  and  armored  vehicle  targets,  platoons, 
companies  and  battalions  have  10,  30  and  90  tanks  and  armored 
vehicles,  respectively. 

(3)  Target  Typical  Sizes.  - For  each  organizational  size 
selected,  a determi nation  must  be  made  about  the  radius  of  the  area 
each  such  organization  size  expected  to  occupy.  For  example,  it 
might  be  determined  that.  In  ank  and  armored  vehicle  targets, 
platoons,  companies  and  battalions  are  typically  contained  within 

a 100  meter,  200  meter  and  300  meter  radius,  respectively. 

c.  Environmental  Characteristics.  - The  effect  of  terrain  on 
the  capability  of  the  acquiring  force  to  detect  target  elements  is 
Input  to  the  model  with  line  of  sight  functions.  The  user  defines 
a sot  of  16  ranqe  bands  which  are  measured  In  distance  from  the 
FEBA.  The  first  range  band  must  extend  from  the  FEBA  to  some 
specific  distance  (for  example,  FEBA  to  200  meters).  The  last 
range  band  must  extend  to  the  rear  of  the  target  array  (for  example, 
15  kilometers  and  beyond).  The  user  may  select  as  many  as  five 
line  of  sight  functions  which  express  the  probability  that  line  of 
sight  exists  from  a typically  located  sensor  to  a randomly  located 
target,  as  a function  of  the  range  band  in  which  the  target  is 
located.  Different  sensor  types  can  be  assigned  different  line  of 
sight  functions.  Certain  types  of  sensors  are  not  affected  by 
sensor  target  line  of  sight.  These  sensors  should  be  assigned  a 
line  of  sight  function  which  expresses  unlimited  line  of  sight. 

d.  Sensor  Characteristics.  - As  many  as  20  different  sensor 
types  can  be  assigned  to  the  acquiring  force.  The  model  reserves  the 
first  eight  sensor  codes  for  specific  sensor  types.  These  base 

case  sensor  types  are  described  In  Table  1-2.  For  each  sensor 
type  played  In  the  simulation,  the  following  technical  data  must 
be  obtained. 

(1)  Probability  of  Detection  Functions.  - The  probabili- 
ties of  detection  used  ty  TAM  are  single  sensor,  single  element 
conditional  probabilities.  Each  probability  expresses  the  likeli- 
hood that  a sensor  detects  (and  identifies)  one  element  In  a target, 
given  that: 

(a)  There  Is  one  such  element  in  the  target  area. 

(b)  The  sensor  Is  trained  on  the  target  area. 

(c)  Line  of  sight  exists  from  the  sensor  to  the 
target  element. 


TABLE  1-2,  Base  Case  Sensor  Types 


Code 

Sensor  type 

1 

Forward  observor  (FO) 

2 

Movement  detection  radar 

3 

Movement  detection  radar 

4 

Light  observation  helicopter  (LOH) 

5 

Photo  reconnaissance  mission  flying 
over  the  target  force 

6 

Infrared  reconnaissance  mission 
flying  over  the  target  force 

7 

Patrol  operating  within  tho  target 
force 

P 

Countermortar  or  counterbattery  radar 

Each  probability  function  must  have  16  entries;  one  entry  for  each 
of  the  16  range  bands  defined  to  cover  the  target  array.  A total 
of  18  probability  of  detection  functions  is  needed  for  each  sensor 
type;  one  function  with  respect  to  each  of  the  six  type  target 
elements  (troops  and  military  equipment)  located  in  each  of  three 
environments  (open,  woods,  town).  Certain  sensor  types  are  only 
effective  when  a particular  activity  occurs  in  a target.  Counter- 
battery radar,  for  example,  only  senses  when  a battery  fires. 
Probability  functions  for  such  sensors  should  assume  that  the 
required  activity  obtains  in  the  target. 

(2)  Expected  Sensor  Coverage.  - The  model  does  not 
consider  specific  coordinate  locations  for  sensors.  The  density 
of  a sensor  type  on  the  battlefield  is  treated  by  the  concept  of 
expected  sensor  coverage.  Expected  sensor  coverage  is  defined  as 
the  number  of  sensors  (of  a given  type  sensor)  which  are  expected 
to  be  within  range  of  a target.  Since  the  density  of  sensors  is 
likely  to  vary  from  one  combat  sample  to  another,  an  expected 
sensor  coverage  function  is  required  for  each  sensor  type  in  each 
acquiring  force.  An  expected  sensor  coverage  function  has  16 
entries;  one  entry  for  each  of  the  16  range  bands  defined  to  cover 
the  target  array.  Factors  affecting  the  expected  sensor  coverage 
calculations  are  sensor  maximum  range,  sensor  density,  sensor  set- 
back from  the  FEBA  and  the  width  of  the  target  array.  The 
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formulation  used  in  calculating  sensor  expected  coverage  is 
presented  later  in  this  chapter. 


5.  General  Description  of  Methodology.  - The  methodology 
implemented  in  tAM  operates  in  two  distinct  phases  with  respect  to 
the  m.idel  inputs. 

a.  Fixed  Data  Phase.  - At  the  start  of  a model  execution, 
all  of  the  input  data  prescribed  In  the  first  six  input  specifica- 
tions is  read  and  stored.  These  data  include  target  force  character- 
istics, terrain  characteristics  and  sensor  characteristics.  Certain 
■of  these  data  are  related  to  specific  combat  samples.  When 
specific  combat  samples  are  addressed  during  the  simulation,  the 
model  will  select  the  appropriate  data.  The  remainder  of  these 

data  are  applied  to  the  simulations  with  respect  to  all  of  the 
combat  samples  addressed  during  the  model  execution. 

b.  Simulation  Phase.  - The  model,  in  this  phase  of  execution, 
performs  the  simulations  of  the  target  acquisition  process. 

The  procedures  described  below  are  repeated  for  each  set  of  combat 
sample  data  included  in  the  execution  runstream. 

(1)  Combat  Sample  Situation  Definition.  - A set  of  data 
describing  a combat  sample  target  force  and  the  simulations  desired, 
is  input  and  stored.  This  data  includes  a target  array,  a set  of 
multiple  acquisition  functions,  a set  of  acquisition  clock  time 
distributions,  and  a set  of  codes  which  indicate  the  particular 
6-hour  time  periods  to  be  simulated.  The  procedures  described 
below  are  repeated  for  each  6-hour  period  of  the  day  that  is 
simulated. 

(2)  Combat  Sample  Period  Simulation.  - All  sensor  systems 
in  the  acquiring  force  are  played  against  each  target  in  the  target 
array.  This  process  is  defined  as  a simulation  replication.  A 
detailed  technical  description  of  the  methodology  employed  during 
one  simulation  replication  is  presented  in  paragraph  six  of  this 
chapter.  A minimum  of  25  simulation  replications  is  performed 
before  the  model  attempts  to  produce  an  acquired  target  list. 

During  each  replication,  a stochastic  determination  is  made  stating 
which  targets  are  acquired  and  which  targets  are  not  acquired.  The 
purpose  of  these  replications  is  to  .extablish  a basis  for  estimating 
the  average  size  and  composition  of  an  acquired  target  list.  The 
model  keeps  track  of  three  acquired  target  list  characteristics 
(having  two  degrees  of  freedom)  river  the  replications;  number  of 
armor/mechanized  targets  acquired,  number  of  other  targets  acquired, 
and  total  number  of  targets  acquired.  At  the  completion  of  each 
replication  (subsequent  to  the  iTr^mum  25),  a check  is  made  to  see 

if  that  replication  has  produced  a Mcar  average  acquired  target  list. 
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Any  acquired  target  list  in  which  the  number  of  armor/mechanized 
targets  acquired  and  total  targets  acquired  are  within  plus  or 
minus  10  percent  of  the  running  average  of  these  observables,  is 
considered  to  be  near  average.  If  a replication  is  not  acceptable, 
the  estimated  averages  of  the  observables  are  updated  and  a new 
replication  is  begun.  Once  an  acceptable  replication  has  been 
observed,  that  replication  Is  repeated  for  record  and  used  as  the 
basis  for  generating  an  acquired  target  list  for  the  6-hour  period. 

(3)  Acquired  Target  List.  - The  multiple  acquisition 
function  and  clock  time  distribution  function  appropriate  to  the 
specific  combat  sample  and  time  period,  are  applied  against  the 
targets  acquired  in  the  record  replication.  A print  record  and  a 
punch  record  of  the  acquired  target  list  is  provided  as  output. 

The  punch  record  format  is  consistent  with  the  input  specifications 
described  for  the  Blue  Artillery  Model  and  the  Red  Artillery  Model 
used  in  the  Nonnuclear  Anmunition  Combat  Rates  Methodology. 

6.  Acquisition  Methodology.  - This  paragraph  describes  the 
methodology  implemented  by  TAM  to  simulate  the  acquisition  process 
during  each  simulation  replication.  The  methodology  is  stochastic 
and  each  replication  partitions  the  target  array  into  two  sets; 
those  targets  which  should  be  acquired  one  or  more  times,  and  those 
targets  which  should  not  be  acquired.  The  targets  which  are  assigned 
to  the  acquired  set  tend  to  be  targets  which  are  at  greatest  risk 
of  acquisition  because  of  size,  type,  location,  environment  and 
sensor  characteristics.  The  description  of  the  acquisition  method- 
ology is  presented  in  terms  of  a type  sensor  located  at  or  near 
the  forward  edge  of  the  battle  area.  This  type  sensor  is  assumed 
to  search  across  the  FEBA  in  all  directions  up  to  maximum  sensor 
range.  Suggested  procedures  for  treating  sensor  types  which  do  not 
fit  this  description  are  contained  in  paragraph  eight  of  this  chapter. 

a.  Target  Array  Processing.  - In  each  simulation  replication 
the  model  processes  each  target  In  the  target  array,  one  by  one, 
in  the  input  order.  As  a target  is  processed,  it  is  confronted  by 
the  entire  acquiring  force  sensor  array.  This  process  will  make  a 
determination  that  the  target  should  be,  or  should  not  be,  acquired. 
The  data  available  for  each  target  describes  the  target  environment, 
the  target  mobility,  the  range  band  in  which  the  target  is  located, 
the  type  and  quantity  of  military  equipment  in  the  target,  and  the 
number  of  troops  in  the  target. 

(1)  Let  be{l ,2, . . . ,16)  be  defined  as  the  Index  of  the 
range  band  in  which  a target  is  located. 

(2)  Let  Ek,  kdOPEN,  WOOD,  TOWN}  be  defined  as  the  environ- 
ment codei  for  a target,  where  EjcdO.l}  and  Ek  = 1 implies  that  a 
target  is  entirely  or  partially  located  in  environment  k. 
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(3)  Let  t>o  be  the  number  of  troops  in  a target  which 
are  at  risk  of  detection. 

(4)  Let  metservlce  vehicles,  tanks  and  armored  vehicles, 
artillery,  heavy  weapons}  be  defined  as  the  type  military  equipment 
located  in  a target  and  let  e>o  be  the  quantity  of  such  equipment 
in  a target. 

b.  Sensor  Processing.  - Each  target  addressed  during  target 
processing  is  confronted  by  each  sensor  system  type.  The  data 
available  for  each  sensor  type  describes  the  probability  that  line 
-of  sight  exists  from  sensor  to  target,  the  expected  number  of 
sensors  that  cover  a target,  and  the  single  element  probabilities 
of  detection  for  the  sensor  with  respect  to  the  type  elements  in 
a target.  The  process  described  below  is  repeated  for  each  sensor 
type. 

(1)  Line  of  Sight  Probability.  - As  many  as  five  line 
of  sight  functions  can  be  considered  by  the  model. 

(a)  Let  s be  the  index  which  identifies  the  sensor 
system  type  confronting  a target. 

(b)  Let  LSb  be  defined  as  the  probability  that  line 
of  sight  exists  from  a sensor  of  type  s to  a target  in  range  band 
b,  given  that  the  sensor  is  located  on  the  extersion  of  perpen- 
dicular from  the  target  to  the  FEBA. 

(2)  Expected  Sensor  Coverage.  - Expe  ' sensor  covert  ? 
is  defined  as  the  number  of  sensors  that  are  expected  to  be  closer 
to  a target  than  the  maximum  sensor  range.  Figure  1-1  depicts  the 
analytical  basis  for  expected  coverage  calculations  for  a type  sensor. 

(a)  Assume  that  a target  located  in  range  band  b is 
at  a distance  Db  from  the  FEBA. 

(b)  Assume  that  type  s sensors  are  unuomly  placed 
across  the  target  array  width. 

(c)  Let  Ss  be  the  distance  that  type  s sensors  are 
set  back  from  the  FEBA. 

(d)  Let  Rs  be  the  maximal  range  of  a type  s sensor. 

(e)  Let  Ns  be  the  number  of  type  s sensors  deployed 
against  the  target  array. 

(f)  Let  W be  the  width  of  the  target  array. 
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FIGURE  1-1,  Expected  Sensor  Coverage  in  Range  Band  b by  a Sensor  with  Range 


(g)  Let  Csb  be  defined  as  the  length  of  the  chord 
formed  by  a line  parallel  to,  and  a distance  from,  the  FEBA, 
and  contained  within  a circle  of  radius  Rs  centered  at  a type  s 
sensor  location. 

Then  Cs|,  is  the  measure  of  the  width  of  range  band  b that  can  be 
covered  by  one  type  s sensor.  The  magnitude  of  Csb  is  given  by: 

Csb  = 2 VR;  - (0b  ♦ Ss)'  when  Rs  > (Db  ♦ Ss) 

Cs|,  = 0 ; otherwise. 

Lc-t  A;;t,  be  defined  as  the  expected  coverage  in  range  band  b for  a 
type  ,s  sensor.  Then: 


Ash  * ifs  Csb/W 

(3)  Probability  of  Detectior.  - The  probability  that  one 
type  s sensor  detects  at  least  one  troop,  or  at  least  one  item  of 
equipment,  in  a target,  given  line  of  sight  and  coverage,  can  be 
calculated  from  the  single  element  probabilities  of  detection. 

(a)  Let  Psbk  be  the  single  element  probability  of 
detection  for  one  type  s sensor  with  respect  to  one  troop  in 
environment  k,  range  band  b. 

(b)  Let  Psmbk  be  the  single  element  probability  of 
detection  for  one  type  s sensor  with  respect  to  one  type  m item  of 
military  equipment  in  environment  k,  range  band  b. 

Then  we  can  define  Psb  and  Psmb  as  single  element  probabilities  of 
detection  averaged  over  the  target  environments  as  follows: 

■■i* 

k=l 
3 

k-l 
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Defir  Ps  as  the  probability  that  at  least  one  troop  in  a target 
will  be  detected  by  one  type  s sensor,  given  line  of  sight  and 
coverage.  Define  P.;n,  as  the  probability  tha,.  at  least  one  type  m 
item  of  equipment  in  a target  will  be  detected  by  one  type  s sensor, 
given  line  of  sight  and  coverage.  Then: 

ps  *'-o-  p,b)‘ 

f».3  •*-(»-  Psir*!e 

where  i-  and  t are  as  defined  on  page  1-11. 

c.  Simulating  Acquisition.  - The  four  factors  necessary  to 
treat  target  acquisition  as  a stochastic  process  have  been  defined 
for  each  type  sensor  (expected  sensor  coverage,  Asb;  probability  of 
line  of  sight.  ls;->i  probability  of  detecting  one  nr  more  items  of 
equipment,  Psni,  or  troops,  Ps).  Note  that  all  of  the  input 
charactetistics  thet  vary  from  target  to  target  are  considered 
in  the  calculation  of  the  four  factors,  as  appropriate.  The 
stochastic  process  described  below  is  applied  for  each  sensor 
type  against  each  type  in  the  array. 

(1)  Let  A4i.  = x.y  imply  that  expected  sensor  coverage  is  a 
real  number  read  as  x decimal  y.  Oefine  ns  = x + 1 as  the  maximum 
number  of  type  s sensors  that  cover  a target. 

(2)  Let  Gj(n,Zi,qj)  define  a stochastic  process  (or  game) 
which  is  iterated  n times.  Each  iteration  is  performed  as  follows: 

(a)  Draw  a variate  z,  from  the  rectangular  distribu- 
tion; that  is,  define  zicR(0,l). 

(b)  If  Zj  > q i , set  Gj  = 0.  If  z^qj,  set  Gj  = 1. 

(3)  Define  the  results  of  the  stochastic  process  Gi  as  a 
vector  (T|  ,gj , . . ,gn)  where  g^fO.U. 

Target  acquisition  in  TAM  is  defined  by  two  stochastic  processes, 
Gi(ns»zi*ru)  and  whcrc,; 

g i = PslsbD  - (i-l)/ns]  when  i < ns 
= Psml-sbC1  * (i-l)/ns3  when  i < ns 


■> 
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yP,’SbCi 

- (i-l)/np] 

vhen 

y'C.C.P 

- ( i-1 )/ns] 

when 

That  is,  ns  distinct  type  s sensors  are  played  against  the  troops 
and  equipment  in  a target.  The  first  ns-l  such  sensors  cover  the 
target  with  probability  1.0.  The  first' one  of  these  ns-l  sensors 
is  closest  to  the  target  and  has  the  highest  probability  of  line  of 
right.  All  other  type  s sensors  that  cover  the  target  are  succes- 
sively farther  and  farther  from  the  target  and  have  successively 
lower  and  lower  probabilities  of  line  of  sight.  The  nsth  sensor 
has  the  lowest  probability  of  line  of  sight  and  has  a probability 
of  coverage  of  y < 1 . 

d.  Acquisition  of  Targets.  - Subsequent  to  the  stochastic 
process  for  all  sensor  types,  a determination  is  made  whether 
acquisition  occurs.  If  the  L g ^ > 0 or  the  E g”>0  for  any  sensor 
type,  then  one  or  more  sensors  have  detected  one  or  more  troops  or 
items  of  equipment  in  a target.  If  one  or  more  troops  or  one  or 
more  items  of  equipment  have  been  detected  during  the  stochastic 
process,  acquisition  is  assumed  to  occur.  When  acquisition  does 
not  occur,  processing  transfers  to  the  next  target  in  the  array. 

When  acquisition  occurs,  the  record  of  acquired  targets  is  updated. 
Processing  then  transfers  to  the  next  target  in  the  array,  except 
during  the  record  simulation  replication.  The  processes  described 
below  apply  only  to  targets  acquired  during  the  record  replication. 

e.  Acquired  Target  Definition.  - Data  concerning  the  actual 
target  size  and  composition  (type  and  quantity  of  troops  and 
military  equipment)  is  available  to  the  model.  This  paragraph 
describes  the  process  employed  by  the  model  to  estimate  the  size 
and  composition  of  an  acquired  target,  given  the  limited  informa- 
tion provided  by  the  acquisition. 

(1)  Type  of  Elements  Detected.  - The  model  identifies 
each  sensor  type  which  has  detected  one  or  more  troops  or  items  of 
equipment.  For  each  such  sensor,  the  operating  single  element 
probabilities  of  detection  at  the  time  of  acquisition  (Psb  and 

P.smb)  are  modified  to  account  for  the  phenomena  that,  the  probability 
of  detecting  more  elements,  once  one  element  is  detected,  is 
greater  than  the  single  element  probabilities  of  detection.  The 
modified  probabilities,  P*  (for  t'-oop  detection)  and  P*„,  (for  type 
m equipment  detection),  are  computed  as: 
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K - .75  PRb  f .25 
p*m  = -75  Psrab  + .25 

For  each  sensor  type  that  has  aetected  troops  or  equipment  in  the 
target,  the  model  estimates: 

(a)  the  number  of  items  of  equipment  of  type  m detected, 
if  equipment  or  troops  and  equipment  have  been  detected. 

(b)  the  number  of  troops  detected  if  troops  only  have 
been  detected. 

(2)  Quantity  of  Elements  Detected.  - The  estimates  made 
for  each  type  acquiring  sensor  is  based  on  drawing  a binomial  variate. 

(a)  Let  z = B(j,p)  be  an  integer  variate  representing 
the  number  of  successes  which  occur  in  a series  of  j Bernoulli 
trials,  each  trial  having  probability  of  success  p. 

(b)  Define  Q3  and  Qsm  as  the  quantity  of  troops 
detected  and  the  quantity  of  type  m items  of  equipment  detected, 
respectively. 

Then,  either  Qs,  or  Q, , , is  determined  stochastically  for  each 
type  s sensor,  as  follows: 

Qsm  = Maximum  [ 1 ;B(q,P*B)] 

Qs  = Maximum  j^l;B(t,Pg)  j 

(3)  Estimation  of  Target  Size.  - The  target  force 
characteristics  input  data  includes  descriptions  of  the  type  and 
quantity  of  military  equipment,  and  the  quantity  of  troops,  typically 
found  in  targets,  for  three  organizational  sizes  (small,  medium  and 
large).  This  data  also  includes  typical  radii  for  such  targets. 

The  model  estimates  the  radius  of  acquired  targets  using  the  data 
provided  by  the  sensor  type  which  detects  the  greatest  quantity  of 
elements. 


(a)  Let  Qm  be  the  largest  quantity  of  type  m equip- 
ment detected  by  any  of  the  acquiring  sensor  types. 

(b)  Let  Q be  the  largest  quantity  of  troops  detected 
by  any  of  the  acquiring  sensors. 
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(c)  Let  B(j,p:h)  be  the  probability  that  h successes 
occur  ir,  B(j,p). 

(d)  Let  MOIil,oen  ,2,3,}  be  the  expected  number  of 

type  m elements  in  a unit  with  organizational  size  oc( small,  medium, 
large;  respectively).  Let  f0,oc{l  ,2,3} , be  the  expected  number  of 
troops  in  such  a unit. 

(e'  Let  Fm(o) ,oe{ 1 ,2 ,3} , be  the  typical  radius  of  a 
target  with  type  m equipment,  organizational  size  o.  Let  F(o), 
oc{l,2,3)  be  the  typical  radius  of  a target  described  as  having  only 
troops,  organizational  size  o. 

(f)  Define  P(o)  as  the  probability  that  an  acquired 
target  has  organizational  size  o. 

If  Om5"^  a target  size  estimate  will  be  based  on  equipment  detected, 
as  follows; 


P(o)  = B(Mom,P*ni:Qm)  : o -*  {1,2,3} 

If  Qm  = 0,  o target  size  estimate  will  be  based  on  troops  detected, 
as  fol lows : 

P(<)  = B(10,P*:Q)  : o = {1,2,3} 

The  size  of  the  target  is  selected  to  be  the  most  lively  size, 
given  the  number  of  elements  detected.  Let  cc{),2,3;  be  the  value 
of  c which  re.ults  in  the  greatest  value  for  P(o).  The  target 
radius  is  estimated  to  Fm(c)  if  type  m equipment  was  detected,  and 
F(c)  if  only  troops  were  detected. 

7.  Acquired  Target  List.  - The  record  replication  of  the  target 
acquisition  simulation~process  is  a list  of  the  specific  arrayed 
targets  which  will  be  acquired  one  or  riore  times  during  a 6-hour 
period.  All  that  remains  to  produce  an  acquired  target  list  for 
the  6-hour  period  is  to  determine  how  many  times  each  such  tarqet 
will  be  acquired  and  at  what  clock  time  each  acquisition  will  occur. 
The  process  employed  by  TAM  to  perform;  these  tasks  is  described  below. 

a.  Multiple  Acquisitions.  - The  combat  sample  input  data 
includes  a muTtTple  acquisition  function  for  each  6-hour  time 
period. 


(1)  Let  N be  the  number  of  targets  acquired  during  the 
record  replication  for  the  6-hour  time  period. 


% 
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(2)  Let  F be  the  multiple  acquisition  function  for  the 
6-hour  time  period.  Fj »je{i  ,2, . . . ,10}  is  defined  as  the  fraction 
of  acquired  targets  which  should  be  acquired  i times. 

(3)  Let  Ti»ie{l ,2, . . .10},  be  the  number  of  targets  that 

should  be  acquired  i times.  Let  T*  be  the  total  number  of  acqui- 
sition events  that  should  occur  in  the  6-hour  time  period. 

Tt  = NFt  : i = 1 ,10 

10 

T*  IT, 

1-1 

(1)  The  frequency  of  acquisition  factors  are  randomly 
assigned  to  the  acquired  targets,  with  certain  exceptions.  These 
exceptions  are  intended  to  cause  multiple  acquisition  to  occur 
only  for  those  targets  most  likely  to  be  acquired  more  than  once 
in  a 6-hour  period. 

(a)  Targets  acquired  only  by  photo  or  infrared 
reconnaissance  are  not  considered  for  multiple  acquisition. 

(b)  Targets  acquired  only  by  long  range  patrols  are 
not  considered  for  multiple  acquisition. 

(c)  Targets  In  range  band  16  are  not  considered  for 
multiple  acquisition. 

b.  Clock  Times.  - Once  the  list  of  acquired  and  re-acquired 
targets  fias  been  generated,  the  list  Is  shuffled  to  produce  a 
random  order  list.  The  shufflea  list  is  taken  to  be  the  order  in 
which  the  acquisitions  occur  during  a 6-hour  period.  One  clock 
time  is  drawn  out  of  the  appropriate  Input  clock  time  distribution 
function  for  each  target  on  the  list.  A total  of  T*  random  times 
are  arranged  in  order  of  increasing  clock  time  and  assigned;  one  to 
each  target  on  the  list. 

3.  Treatment  of  Sensors.  - The  methodology  applied  to  each  sensor 
type  "Hurl "ng  a s 1 mifl aTTon  replication  assumes  each  sensor  Is  located 
at.  or  near  the  FEBA.  Methods  which  are  suggested  to  play  other 
types  of  sensors  are  described  in  this  paragraph.  Each  such  sensor 
requires  adjustment  of  the  Input  data. 

a.  Moving  sensors  which  penetrate  the  target  array  can  be 
played.  For  sensors  such  as  vertical  photo  or  infrared,  probability 
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of  detection  is  not  a function  of  range  band  (distance  from  the 
FEBA).  The  expected  sensor  coverage  in  each  range  band  can  be 
calculated  if  one  knows  the  number  of  sorties  (S*)  in  a 6-hour 
thu  area  covered  in  a range  band  by  one  sortie  (Ab),  and 
U.e  vM  c.i  contained  in  the  range  band  (A£).  In  such  a case: 

Aab  = sbAb/Ab 


Probability  of  line  of  sight  is  not  normally  a factor  for  such 
sensors.  Therefore,  a line  of  sight  function  must  be  included  in 
the  inputs  which  indicates  unlimited  line  of  sight.  If  such  a 
sensor  employs  side  looking  imagery,  a line  of  sight  function 
appropriate  to  the  operational  altitude  of  the  sensor  must  be 
included  in  the  Inputs.  Finally,  sensors  which  penetrate  the 
target  array  at  ground  level  (such  as  patrols)  can  be  treated  in 
a manner  similar  to  that  described  above.  Probabilities  of  detection 
and  line  of  sight  for  the  range  bands  in  which  such  sensors  operate 
should  be  based  on  short  ranges.  This  assumes  that  such  sensors 
can  maneuver  within  their  areas  of  operation  to  find  targets  which 
would  otherwise  go  undetected. 

b.  Moving  sensors  which  operate  parallel  t\  'he  FEBA 
can  tie  played.  Probabilities  of  detection  appropriate  to  the 
sensor  and  line  of  sight  functions  appropriate  to  operational 
altitudes  arc  required.  These  probabilities  should  be  related 
to  the  range  bands.  Coverage  calculations  should  be  based  on  the 
number  of  sorties  and  the  fraction  uf  each  range  band  covered  per 
sortie. 


c.  Sensors  which  require  that  special  conditions  (not  para- 
meters in  the  inputs)  obtain  in  the  targets,  can  be  played,  but 
require  model  modifications.  Subroutine  ADJUST  Is  called  by  the 
model  during  that  phase  of  the  logic  when  sprclfic  sensor  probabili- 
ties of  detection  are  being  set  for  play  against  a specific  target. 
Infornatlon  containing  sensor  type,  target  characteristics  and 
environmental  conditions,  are  available  during  calls  to  the  subroutine. 
Modifications  to  the  subroutine  which  cause  the  program  to  sense 
target,  sensor  and  environmental  conditions,  can  be  used  to  cause 
zero  probabilities  to  be  returned  to  the  main  p-agram,  Conditional 
senses  Included  in  the  documented  version  of  T A J are  described  in 
Table  1-3.  Sensors  which  do  not  depend  on  1 1 of  sight,  but  which 
do  require  probability  functions  not  otherwise  covered  In  the  inputs, 
can  use  the  Input  specifications  for  line  of  sight  functions  as  a 
vehicle  to  Input  these  other  functions.  One  of  the  "line  of  sight" 
function'  describe  the  probability  that  artillery  units  are 

tiring.  T h 1 *.  » unction  can  be  used  by  counterbettery  radar  sensors, 

In  place  of  a line  of  sight  function. 


% 
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TABLE  1-3,  Base  Case  Sensor  Limitations 


Code 

Sensor  type 

Conditions  required  for  play 

2 

Movement  radar 

Moving  targets  only 

3 

Movement  radar 

Moving  targets  only 

4 

Light  observation 
helicopter 

Daytime  only 
Stationary  targets  only 

5 

Photo  reconnaissance 

Daytime  only 

6 

Infrared  reconnaissance 

Nighttime  only 

7 

Patrols 

Stationary  targets  only 

8 

Counterbattery 

Artillery  targets  only 

d.  Factors  such  as  operational  maintainability  and  readiness 
limitations  should  be  considered  for  all  sensor  types.  Percent 
availability  factors  which  are  applied  to  the  expected  sensor 
coverage  functions  directly  Impact  the  acquisitions  of  targets. 

9.  Outputs.  - After  a 6-hour  period  has  been  simulated,  the 
model  produces  two  records.  The  first  is  a card  punch  file  of 
the  acquired  target  list.  This  file  Is  consistent  with  the  Input 
specifications  for  the  Target/Event  Deck  described  for  the  Blue 
Artillery  Model  and  the  Red  Artillery  Model.  The  second  record  Is 
a printer  listing  of  the  acquired  target  list  and  a sunmary  which 
presents  an  analysis  of  the  Input  array  and  the  acquired  target 
list,  by  target  category  and  size.  Sample  outputs  are  presented 
In  Chapter  VI. 
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FIGURE  1 1 -1 , Target  Acquisition  Model,  General  Flow  Chart 
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TARGET  ACQUISITION  MODEL 

ruApTCD  It! 

INPUT  DATA  SPECIFICATION: 
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1 . Standard  Size  and  Radius  Deck^ 


Columns 

Variable 

Data  Description 

Format 

1 

J 

Combat  sample  activity  level 
to  which  this  card  applies 
(1<JS4) 

11 

2 

K 

Size  of  unit  to  which  the 
data  on  this  card  applies^/ 

11 

3-6 

JTSZ(J,K,1 )-7 

Average  number  of  elements 
type  one  In  a size  K target 
at  activity  level  J 

14 

7-10 

JT$Z(J,K,2) 

Average  number  of  elements 
type  two  in  a size  K target 
at  activity  level  J 

14 

23-26 

JT$Z(J,K,6) 

Average  number  of  elements 
type  six  in  a size  K target 
at  activity  level  J 

14 

27-30 

na 

Not  used 

4X 

31-36 

ATRGRfJ.K.I)-7 

Average  radius  code  of  a size 
K target,  activity  level  J, 
described  as  having  element 
type  one 

16 

61-66 

ATRGR(J,K,6) 

Average  radius  code  of  a size 
K target,  activity  level  J, 
described  as  having  element 
type  six 

16 

a/  This  deck  must  have  12  cards.  These  12  cards  are  divided 
Into  four  subdecks  having  three  cards.  Each  subdeck  carries  data 
for  one  of  four  combat  sample  activity  levels  (for  example;  delay, 
defense.  Inactive,  attack).  Subdecks  can  have  zero  entries  If 
the  run  does  not  address  all  four  activity  levels.  Each  subdeck 
has  one  card  for  data  for  each  of  three  target  sizes  (see  b/  below). 

b / The  model  will  estimate  one  of  three  sizes  for  acquired 
targets  (these  three  sizes  might  be  specified  as  platoon,  company. 
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battalion,  for  example).  The  user  specifies  K on  each  card  to 
indicate  which  of  the  three  sizes  applies  to  tl e data  on  the  card. 

c/  See  note  d / in  the  Target  Array  Deck  input  specifications  for 
an  explanation  of  element  types  one  through  six. 

d/  Radius  codes  for  ta.'^et  sizes  are  integers  i - 1,2,...N  which 
map  radii  50  meters,  100  meters,  ...,  50N  meters. 


2.  Indicator  Card^ 

Columns 

Variable 

Data  Description 

Format 

1-4 

INDER(l) 

Line  of  sight  function  code 
applicable  to  sensor  type  one 

14 

5-8 

INDER(2) 

Line  of  sight  function  code 
applicable  to  sensor  type  two 

14 

29-32 

INOER(e) 

Line  of  sight  function  code 
applicable  to  sensor  type  eight 

14 

a/  This  card  carries  a code  for  each  of  the  N>8  sensors  played 
Tn  the  simulation.  The  code,  C * 1,5;  for  a sensor  states  which 
one  of  the  five  line  of  sight  functions  in  the  Line  of  Sight 
Probability  Deck  is  applicable  to  that  sensor. 
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3.  Range  Parameter  Card^ 


Columns 

'triable 

Data  Description 

Format 

1-5 

RANGE ( 1 ) 

Cut  off  distance  of  range 
band  one  (kilometers) 

F5.0 

5-10 

RANGE (2) 

Cut  off  distance  of  range 
band  two  (kilometers) 

F5.0 

71-75 

RANGE (15) 

Cut  off  distance  of  ~ange 
band  15  (kilometers) 

F5.0 

a/  This  card  specifies  Information  which  defines  range  bands 
measuring  distance  from  the  forward  edge  of  the  battle  area  (FEBA). 
Subsequent  input  decks  (probability  of  line  of  sight,  coverage, 
and  detection)  are  parameterized  as  a function  of  distance  from  the 
FEBA.  This  input  card  defines  the  16  range  bands  to  which  the 
subsequent  inputs  are  related.  The  model  assumes  that  range  band 
one  extends  from  the  FEBA  to  RANGE(l)  kilometers  from  the  FEBA. 

In  general,  range  band  I extends  from  RANGE(I-l)  kilometers  to 
RANGE(I)  kilometers  from  the  FEBA.  Range  band  16  extends  from 
RANGE (15)  kilometers  to  the  rear  of  the  ta.'jet  array. 
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4.  Line  of  Sight  Probability  Deck-^ 


Columns 

Variable 

Data  Description 

Format 

1-2 

PSIGHT(I.l) 

Probability  of  line  of 
in  range  band  one 

sight 

F2.2 

3-4 

PSIGHTC.2) 

Probability  of  line  of 
In  range  band  two 

sight 

F2.2 

31-32  PSIGHT (1,16)  Probability  of  line  of  sight  F2.2 

In  range  band  16 

a/  This  deck  contains  five  cards.  Each  card  carries  16  point 
entries  of  a probability  function.  The  user  might  specify  five 
different  line  of  sight  functions  to  be  used  by  various  sensors. 
For  example,  functions  one  through  five  might  bo  specified  as 
probability  of  line  oi  sight  for: 


Function  Description 

1 Observer  (or  sensor)  at  optimal 
vantage  point 

2 Observer  (or  sensor)  at  typical 
weapon  position 

3 Airborne  sensor  at  1,000  meter 
altitude 


4 Line  of  sight  infinite 

5 Other  function 


Functions  not  mentioned  on  the  indicator  card  can  have  all  entries 
zero.  The  function  described  as  "line  of  sight  infinite"  can  be 
used  by  sensors  (such  as  counter  battery  radar)  where  line  of 
sight  is  irrelevant.  Other  function  implies  that  a probabil  ity 
function  other  than  line  of  sight  can  be  entered  in  the  deck. 
Counterbattery  radar,  for  sample,  is  independent  of  line  of 
sight,  but  is  a function  of  the  probability  that  a target  is  firing. 
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a / 

5.  Expected  Coverage  Deck- 


Columns 

Variable 

Data  Description 

Format 

1-4 

PCOVER(I,l,Kr 

Expected  number  of  sensors 
of  type  I,  in  range  of 
targets  in  range  band  one, 
given  combat  sample  type  K 

F4.0 

5-8 

PC0VER(I ,2,K) 

Expected  number  of  sensors 
of  type  I,  in  range  of 
targets  in  range  band  two, 
given  combat  sample  type  K 

F4.0 

61-64 

PC0VER(I , 1 6 , K) 

Expected  number  of  sensors 
of  type  1,  in  range  of 
targets  in  range  band  16. 
given  combat  sample  type  K 

F4.0 

el/  This  deck  consists  of  at  least,  eiqht  subdecks,  one  for  each 
sensor  type  played  in  the  simulation  (see  rote  a/  of  the 
Probability  of  Detection  deck  for  discussion  of  the  base  c ;e 
eiqht  sensor  types).  Each  subdeck  contains  four  cards.  The  data 
on  each  card  in  the  suU'eck  presents  expected  coverage  by  a sensor 
type  at  one  of  four  combat  sample  activity  levels.  For  example, 
activity  level  one  (K  = 1)  may  be  defined  as  delay.  If  a particu- 
lar sensor  of  the  base  case  eight  sensors  is  not  being  employed, 
its  four  card  subdeck  should  have  all  zero  entries.  If  a simula- 
tion run  will  address  less  than  four  combat  sample  activity  levels 
(entered  in  variable  OACT  on  each  Combat  Sample  Day  Heowir."  Card 
in  the  runstream)  those  cards  In  each  sensor  type  subdeck  that 
are  not  needed  should  have  all  zoi  : entries. 

b/  Each  entry  expresses  the  expected  number  of  sensors  in  range 
of  a target  as  a function  of  range,  sensor  type  and  combat  sample. 
See  Chapter  I for  discussion  of  computation  of  expected  sensor 
coverage  (formula  for  Asb  in  paragraph  6 . b . ( 2 ) ) . 
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6.  Probability  of  Detection  Decks-  - 


Data  Description  Format 

Single  element  probability  of  F2.2 

detection  for  sensor  type  I 

detecting  element  type  J 

located  in  range  band  one, 

given  coverage,  line  of  sight 

and  terrain  type  (open,  woods, 

town) 


Single  element  probability  of  F2.2 
detection  for  sensor  type  I 
detecting  element  type  J located 
in  range  band  16,  given  coverage, 
line  of  sight  and  terrain  type 
(open,  woods,  town) 

a / There  must  be  one  deck  for  each  of  the  N>8  sensor  types  played 
in  the  simulation.  The  user  must  assign  data  decks  for  the  base 
case  eight  sensors,  consistent  with  the  following  instructions: 

Sensor  type  one  must  be  the  forward  observer.  Probabilities 
should  be  for  daylight  conditions.  The  model  reduces  the  input 
probabilities  by  one-half  for  night  periods. 

Sensor  type  two  must  be  a movement  detection  radar.  Probabili- 
ties should  assume  the  element  is  moving.  The  model  does  not  play 
this  sensor  against  stationary  targets. 

Sensor  type  three  must  be  a movement  detection  radar.  Sensor 
type  two  instructions  also  apply  to  sensor  type  three. 

Sensor  type  four  must  be  an  observation  aircraft  operating 
from  the  friendly  side  of  the  FEBA.  Probabilities  should  be  for 
daylight  coniitions.  The  model  does  not  play  this  sensor  in  night 
periods . 

Sensor  type  five  must  be  a photo  reconnaissance  sensor.  Prob- 
abilities should  be  for  daylight  conditions.  The  model  does  not 
play  this  sensor  in  night  periods. 

Sensor  type  six  nust  be  an  infrared  photo  reconnaissance  sensor. 
Probabilities  should  be  for  night  conditions.  The  model  does  not 
play  this  sensor  in  day  periods. 


Columns  Variable 

1-2  SREL(l.J.l) 


31-32  SREL( I ,J  ,16) 
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Sensor  type  seven  must  be  patrols  (short  range  or  long  range). 
Probabilities  should  be  for  daylight  conditions  and  should  not 
vary  with  range.  Probabilities  for  range  bands  in  which  patrols 
are  not  played  should  be  zero.  The  model  reduces  the  input  prob- 
abilities by  one-half  for  night  periods. 

Sensor  type  eight  must  be  a counterbattery  or  countermortar 
sensor.  Probabilities  should  assume  the  target  is  firing. 

If  the  user  does  not  wish  to  play  one  or  more  of  the  base  case 
eight  sensors,  the  probability  entries  in  the  appropriate  decks 
should  be  zero. 

b/  Each  Probability  of  Detection  Deck  has  six  subdecks.  Each 
subdeck  has  three  cards  which  contain  probability  data  for  the 
sensor  with  respect  to  the  six  target  element  types  (described 
in  note  d/  of  the  Target  Array  Deck  input  specifications).  The 
three  cards  in  the  subdecks  contain  probabilities  for  the  element 
in  each  of  three  environments:  open,  woods,  town. 


7.  Combat  Sample  Oay  Heading  Card-^ 


Columns 

Variable 

Data  Description 

Format 

1 -40 

WORDS ( I ) 

Heading  desired  to  identify 
output 

10A4 

41*45 

IPERDO)-7 

Enter  seed  if  simulation  of 
0000-0600  hours  is  desired 

15 

46-50 

I PERD ( 2 ) 

Enter  seed  if  simulation  of 
0600-1200  hours  is  desired 

15 

51-55 

I P t RD ( 3 ) 

Enter  seed  if  simulation  of 
1200-1800  hours  is  desired 

15 

56-60 

IPERD(4) 

Enter  seed  if  simulation  of 
1800-2400  hours  is  desired 

15 

61-65 

JACT 

Enter  activity  level  code 
1 , 2 , 3 , or  4 

15 

a/  Runs  may  bo  stacked  by  successive  sets  of  Combat  Sample  Day 
Heading  Cards,  Acquisition  Clock  Time  Distribution  Decks,  Multiple 
Acquisition  Distribution  Decks  and  Target  Array  Decks. 

b / A seed  is  a five  digit  odd  integer  not  divisible  by  five.  It 
is  used  to  begin  a sequence  of  pseudorandom  rectangular  numbers. 

If  simulation  of  a particular  period  of  the  day  is  not  desired, 
enter  bbbb0  in  lieu  of  a seed. 
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8,  Acqui 

• tion  Clock 

Time  Distribution  Deck^ 

Columns 

Variable 

Data  Description 

1-3 

T I ME (1,1) 

Fraction  of  total  acquisitions 
in  period  I which  occur  during 
the  first  15  minutes 

4-6 

TIME ( I ,2) 

Fraction  of  total  acuisitions 
in  period  I which  occur  during 
the  first  30  minutes 

Format 

F3.3 

F3.3 


67-69  TIME (1,23)  Fraction  of  total  acquisitions  F3.3 

in  period  I which  occur  during 
the  first  5 hours  45  minutes 


a/  This  deck  must  have  four  cards;  one  card  for  each  of  the  four 
six  hour  periods  of  a combat  .ample  day.  Each  card  contains  the 
ordinate  of  the  cumulative  (i'tribution  c frequency  oi  ac<  'isition 
events  during  a particular  six  hour  period.  These  ordinat  „ should 
be  taken  at  points  15  minutes,  30  minutes,  ....  5 hours  45  minutes, 
into  the  six  hour  period.  This  yields  a total  of  23  entries.  The 
model  sets  the  value  of  TIME (1,24)  equal  to  1.00  for  all  I.  The 
user  should  override  the  F3.3  format  and  enter  1.0  if  he  wishes  to 
close  the  distribution  short  of  the  last  (24th)  15  minute  interval. 
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9.  Multiple  Acquisition  Distribution  Deck?-' 


Col umns 

Variable 

Data  Description 

Format 

1-9 

FREQ(I.I) 

Fraction  of  acquired  units 
which  will  be  acquired  once 
in  a six  hour  period 

F5.0 

6-10 

FREQ ( I ,2) 

Fraction  of  acquired  units 
which  will  be  acquired  twice 
In  a six  hour  period 

Fb.O 

46-50 

FREQ ( 1 ,10) 

Fraction  of  acquired  units 
which  will  be  acquired  ten  times 
in  a six  hour  period 

F5.0 

a/  This  deck  must  have  two  cards  The  first  card  contains  data 
Tor  night  six  hour  pj*  lods,  The  second  contains  data  for  daytime 
six  hour  periods.  Each  card  specifies  the  fraction  of  acquired 
units  which  will  be  engaged  N times,  N * 1,10,  The  sum  of  the 
entries  on  a card  must  obviously  be  1,00, 
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10,  Target  Amy  Deck*/ 


Column;,  V/yJjMe 

1-4  01NlJHh/ 

0-10  ICOOR^ 


11  JENVO 


Data  Peter Iptlon  £^'  Mi_t 

lour  digit  target  Identification  14 

number  greater  than  0 and  lets 
than  4,000 

Six  digit  coordinates  of  target  16 

location  without  quadrant  or 
grid  aquart  designator 

Enter  "1"  If  target  It  all  or  11 

partially  In  the  open.  Enter 
"®”  otherwise 


If!  JLNVW  ft  >et  "1"  If  target  1i  all  or  II 

partially  In  the  wood* , Enter 
"fl”  otherwise 


13  JLMV1  inter  "I"  If  target  Is  all  or  11 

par  Mai  ly  In  6 town,  Lnler 
"ft"  otherwise 


14 

It.  16 
17-2U 

i\ 


22-24 


26-26 
V Tt 
30-31 


JMOP  Intel  "1"  If  tnrget  it  persistent,  Jl 

Inter  *7"  If  target  1i  fleeting 

H,A!Y  la rget  category  code  12 

Jfl.UA  Ulslanoe  from  the  loryot  to  the  H 

leading  edg«*  of  the  opposing 
force  expressed  In  heitomc '.„r» 

JiYI’l  T yj  < elements  at  risk  to  acqu  1 - II 

alt  lot,  other  than  truups.fl/ 

Jl'l  K Number  uf  troops  at  risk  to  13 

acqulsl llyn 

MILL  Numbs'  .i<*'tnls  uf  type  JlYPt  12 

ol  r l si  to  acquisition 

I0UL»(  1 )h/f/  Number  of  troops  At  'isk  to 
artillery  fire 

U)OU(^)^^  Numhar  uf  tanks  it  risk  to  I? 

artillery  fire 
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Column* 

Variable 

Data  Description 

Format 

32-33 

lRADb/ 

Target  radlut  code  where 
1 RAO  *>  1,10  map*  target  radii 
of  SO  meters,  100  meter*, 

500  meter* 

12 

34 -3b 

O 

O 

Number  of  element*  of  type  A3 
at  rlik  to  artillery 

12 

36-37 

100B(4)h/t/ 

Number  of  element*  of  type  A4 
at  risk  to  artlllary 

12 

68-69 

J00B(20)W 

Number  of  element!  of  type  A20 
at  rlik  to  artillery 

12 

1/  Thl*  deck  contain*  one  card  for  each  target  at  r1*k  to  acqulil* 
lion,  hlnce  the  model  1*  designed  to  eddrn**  a itatk  array,  the 
target*  should  he  described  In  that  condition  In  which  It  It  mo  it 
likely  to  be  acquired.  The  1a*t  card  In  the  dock  mutt  have  a "9" 
punched  In  column*  1 through  BO, 

b/  Thl*  data  I*  not  uved  by  TAM.  lilt  pawed  through  the  model 
for  fubtequent  utr  by  model*  which  uto  the  output  acquired  target 
Hat  at  Input. 

</  1M*  dita  array  permit*  transmission  through  the  model  of 
target  inventories  of  troop*,  tank*  and  111  other  Hem*  of  equipment 
(Aj,  A4 . . . , , t\/y)  for  each  target, 

<3/  The  model  recoynliet  *•  of  Hcmentt  (equipment).  The 

description  and  code  numbi  oi  t'.*  to  sir  type*  are: 


Limit 

Troop*  In  combat  unit*  1 

Truck*,  van*,  *ervic»'  vehicle*  2 

lank*,  armored  vehicle*  3 

Artillery,  missile*,  mortar* i subject  to 
cou'iterbaltery  or  countering* 1 4 r davlcei  4 

Troop*.  In  nonce  'bat  unit*  b 

Heavy  weapon*  not  Included  abuv*  6 


% 
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The  user  must  specify  one  r>f  the  above  codes  for  each  target,  The 
code  selected  should  be  for  the  type  element  which  best  describes 
the  element  most  likely  to  be  detected,  other  than  troops.  The 
model  always  attempts  to  acquire  troops  In  addition  to  the  specified 
type  clement.  Codes  "1"  and  "5"  should  not  be  specified  for  a 
target  unless  troops  Is  tne  only  detectable  element  type, 


1 


111*15 


( 


1 1 . Run  Stop  Card 

Columns 

Variable 

Data  Description 

Format 

1-80 

JACT 

Enter  a "9”  in  each  column 

1615 

TARGET  ACQUISITION  MODEL 
CHAPTER  IV 

DICTIONARY  OF  PRINCIPAL  VARIABLES 


IM 


1 


Variable 

Mi 

Definition 

ATRAD 

INTEGER 

Variable  computed  as  100  times  the 
target  radius  code  plus  the  esti- 
mated target 

ATRGR(4,3,6) 

INTEGER 

Typical  radius  (code;  of  a target 
described  as  having  elements  type 

K,  unit  size  J,  at  combat  sample 
activity  level  I 


BAND 

ALPHA 

DATA  to  6HbRANGE 

CUMA 

REAL 

Sum  of  JENVO  and  JENVT 

CDMB 

REAL 

Sum  of  JENVO,  JENVW  and  JENVT 

C.LIMT0T 

REAL 

Same  is  CUMB 

D 

REAL 

Constant  set  to  1.00 

DP ROB (20) 

ITU 

Probaoi  ity  of  acquisition  for  the 
Ith  sensor  that  detected  at  least 
(!•  c ? -cient 

FMI 

tit; 

A- erec  £ number  of  nonarmor  targets 
acquired  over  the  replication^ 

FMT 

REAL 

Average  number  of  armcr  targets 
acquired  over  the  replications 

FRFn^2,10) 

REAL 

Array  containing  multiple  acquisi- 
tions distributions:  see  input 
specifications 

IAD 

INTEGER 

Disc  address  of  target  array  data 

ICATY 

INTEGER 

Target  category  code 

ICOOR 

INTEOE.- 

Target  coordinates  (not  used  by 
TAM) 

I FREQ (10) 

INTEGER 

Array  containing  the  number  of 
acquired  targets  which  will  be 
acquired  I times 

IN 

INTEGER 

Device  code  or  the  card  reader 

4 


4 


•> 


A 


I 


I 
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Variable 

Definition 

I NOER ( 20  > 

INTEGER 

Array  containing  line  of  sight 
function  code  for  sensor  type  I 
(see  input  specifications) 

10 

INTEGER 

Device  code  of  the  line  printer 

I OOB( 20) 

INTEGER 

Array  used  to  transmit  input 
inventory  of  element  type  I (not 
used  by  T Art) 

IP 

INTEGER 

Device  code  of  card  punch 

IPERD(4) 

INTEGER 

Array  containing  input  random 
seeds  (see  input  specifications) 

I RAD 

INTEGER 

Target  true  radius  code 

ITARG(IOOO) 

1'.  i EGER 

Array  containing  an  ordered  list 
of  the  identification  numbers  of 
the  target  acquired  on  the  Ith 
line  of  the  acquired  target  TTct 

I TIME (1000) 

INTEGER 

Array  containing  the  clock  time  i 
occurrence  of  the  Ith  acquisitioi 

JACT 

INTEGER 

Code  number  of  the  combat  sample 
array  beinq  addressed  in  the 
current  s';: elation 

JENVO 

INTEGER 

Open  environment  code 

JENVT 

INTEGER 

Town  environment  code 

JENVW 

INTEGER 

Woods  environment  code 

JFEBA 

INTEGER 

Distance  from  the  target  to  the 
FEBA  in  hectometers 

JMOB 

INTEGER 

• 

Target  dwell  time  or  mobility  coi 

JMOST 

INTEGER 

Index  of  the  sensor  which  has 
detected  the  most  elements  in  an 
acquired  target 

ONEl 

INTEGER 

Number  of  detectable  elements  in 
a target 
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Variable 


Variable 

Iy_p_e. 

Definition 

JPER 

integer 

Number  of  detectable  troops  in 
a target 

JSEED 

INTEGER 

Updated  random  seed 

JSEN ( 20 ) 

INTEGER 

Array  containing  a list  of  the 
sensors  which  have  detected  a 
specific  target 

JTARG 

INTEGER 

Estimated  number  of  elements  in 
an  acquired  target 

JTIME 

INTEGER 

Six  hour  period  of  the  day  for 
the  current  simulation 

J 1 ■ t ‘ h 

INTEGER 

Target  identification  number 
(not  used  by  TAM) 

JTS2(4,3,6) 

INTEGER 

Number  of  target  elements  K 
typically  found  in  a unit  of  size 
J at  activity  level  I 

jtype 

INTEGER 

Type  dement  likely  to  be  detected 
in  current  target 

K 

INTEGER 

T:m<  of  day  code  for  current  Simu- 
la ; ion 

KAD 

INTEGER 

Disc  address  of  information  about 
the  acquired  targets 

K I X 

INTEGER 

Code  used  to  indicate  that  non- 
troop  elements  have  not  been 
detected  and  that  troop  detection 
should  bo  simulated  next 

KKKK 

INTIGER 

Minimum  replications  ; emitted 
(set  In  P5  in  the  model) 

KLGP 

INTEGER 

Number  of  i Dserved  tanks  and 
armored  vehicles  in  an  acquired 
targe* 

KNEL 

INTEGER 

Number  of  :.inks  and  armored 

vehicles  in  acquired  targets  in 
vh'ch  at  'east  one  tank  or  armored 
vv.nicle  has  been  observed 
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Variable 

I*£i 

Definition 

KOFF 

INTEGER 

Cutoff  code  to  incMt-otC  that  the 
previous  replication  is  acceptable 
and  should  be  re-run  for  record 

KOUNT 

INTEGER 

Total  number  of  acquisitions 
occurring  in  a six  hour  period 
(including  multiple  acquisitions) 

KSEED 

INTEGER 

Random  seed  used  nnly  in  the 
record  replication 

KSEN ( 20) 

INTEGER 

Number  of  elenu.  .s  of  a type 
detected  by  the  Ith  detecting 
sensor 

LIST ( 1 000) 

INTEGER 

Array  containing  the  identifit  .ion 
number  of  the  array  units  which 
have  actually  been  acquired 

LSEED 

INTEGER 

Value  of  JSEED  at  the  start  of  the 
current  iteration 

MSEN 

INTEGER 

Code  indicating  whether  an 
observing  or  a remote  sensor  has 
acquired  a target 

N 

INTEGER 

Current  target  range  band  index 

HACQ 

INTEGER 

Number  of  distinct  targets 
acquiree  during  the  current  iteration 

M3RDET 

INTEGER 

Number  of  elements  of  a type 
actually  detected  in  an  acquired 
target 

NINF 

INTEGER 

Number  of  nonarmor  units  detected 
during  the  current  iteration 

NOSEN 

INTEGER 

Number  of  sensor  types  played  in 
the  Simula -'ion  (set  to  eight  in 

t.;-e  model , 

NSEN 

INTEGER 

Number  of  sensor  i-y^es  that  have 
acquired  a target 
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Variable 

I m. 

Definition 

NTHREP 

INTEGER 

Counter  index  of  the  current 
iteration  or  replication 

NTNK 

INTEGER 

Number  of  armor  units  detected 
during  the  current  iteration 

NUFX 

INTEGER 

Index  which  causes  read  of  Target 
Array  Deck  to  occur  only  once  per 
Combat  Sample  Activity  Level  Deck 

NUMNUT(16) 

INTEGER 

Array  where  the  Ith  element  is 
equal  tc  I 

P 

REAL 

Probability  of  detecting  one 
element,  given  line  of  sight, 
coverage  and  acquisition 

PCAV 

REAL 

Attrited  expected  coverage  across 
the  front 

PCOV 

REAL 

Expected  coverage  for  the  particular 
sensor  being  simulated 

PC0VER(20,16,4) 

REAL 

Expected  coverage  by  sensor  I of 

a target  In  range  band  J from 
combat  sample  array  K (see  input 
specifications) 


PF 

REAL 

Probability  that  a target  will  be 
detected  by  a given  sensor 

• PINK 

REAL 

Variable  used  to  estimate  the 
range  from  the  covering  sensors  to 
a target 

PROB 

REAL 

Average  probability  of  detecting 
one  element,  averaged  over  the 
target  environment 

PSHIP 

REAL 

Variable  whose  value  is  the  attrited 
probability  of  line  of  sight  for 
a particular  covering  sersor 

PS  I GHT (5,16) 

REAL 

Probability  of  line  of  sight, 
function  I,  at  range  band  J 
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Variable 

T^pe 

Definition 

PT1 

REAL 

Probability  of  detecting  one 
element  in  the  open 

PT2 

REAL 

Probability  of  detecting  one 
element  in  the  woods 

PT3 

REAL 

Probability  of  detecting  one 
elemeri  :n  a town 

PX1 

REAL 

Probability  that  a target  is 
size  one  (small ) 

PX2 

REAL 

Probability  that  a target  is 
si.*  two  (medium) 

PX3 

REAL 

Probability  that  a target  is 
size  three  (large) 

R 

REAL 

Pseudorandom  reo  angular  variate 

RANGE (15) 

REAL 

Maximum  distance  from  FEBA  for 
range  band  I,  in  kilometers 

RFEBA 

REAL 

Distance  from  a target  to  the 
FEBA  in  kilometers 

RREl(3,16) 

REAL 

Array  containing  the  probabilities 
of  detecting  one  element  by  a 
given  sensor  tor  elements  in 
environment  I,  range  band  J 

SREL(20,6,48) 

REAL 

Array  containing  input  probabili- 
ties of  detection  for  sensor  I 
against  element  type  J (see  input 
specifications) 

TIME (4,24) 

REAL 

Array  containing  clock  time 
distribution  in  six  hour  period 
I,  15  minute  period  J (see  input 
spe'  *ications) 

TOTAL 

ALPHA 

DATA  to  6HbT0TAL 

TOTI 

REAL 

Total  nonarmor  targets  acquired 
over  the  replications 
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Definition 


Variable 

I m 

TOTT 

REAL 

WORDS(IO) 

ALPHA 

X 

REAL 

XXX 

REAL 

Total  amor  targets  acquired  over 
the  replications 

Array  containing  input  heading  data 
Pseudorandom  rectangular  variate 
Pseudorandom  rectangular  variate 


TARGET  ACQUISITION  MODEL 
CHAPTER  V 

SAMPLE  INPUTS  LISTING 


1.  General . - This  chapter  contains  a complete  set  of  sample 
Inputs  which  may  be  used  as  a program  run  test  deck.  Note  that  the 
listing  contains  comments  which  begin  with  asterisks  In  card  col- 
umns one  through  five.  These  consents  nre  not  part  of  the  actual 
sample  Inputs.  The  user  should  refer  to  Chapter  III  for  d .ailed 
Input  specifications.  The  following  explanations  are  provided  to 
assist  the  user  In  Interpreting  the  situation  simulated  In  the 
sample  data. 

2 . Explanation  of  tamo) c Inputs 

a . Standard  Size  and  Radius  Deck.  - The  target  force  has  been 
analyzed  and  it  haVleen  decided  to  describe  target  sizes  as  either 
platoon,  company  or  battalion.  The  first  card  In  the  deck  states 
that  for  combat  sample  array  one  (acquiring  force  delays),  small 
targets  (platoons)  described  a*  having  element  type  three  (tanks, 
armor),  typically  have  four  sim  elements.  These  targets  are 
normally  In  a 50  meter  radius  area.  The  last  card  In  the  deck 
carries  similar  Information  for  large  targets  (battalions)  In 
comuat  sample  array  four  (acquiring  force  attacks). 

h.  Indicator  Card.  - Sensor  one  Is  subject  to  lint-  of  n-  • 
func , Ion  one  ( the  entry  In  column  1 r Is  “1"). 

c.  Ra  ge  Parameter  Card.  - The  r'nye  bands  to  which  subsequent 
data  applies  are'H>and  ."ne"~?rom  FCBA  to  100  meters,  barn]  two  .rom 
100  incurs  to  200  meters,  ...»  band  10  from  15  kilometers  to  roar 
or  to.  i : array. 

d.  Line  o_f  Sight  Probability  Deck.  - Five  Uno  of  light  ’unctions 
are  presented".  The  probablVCty  oTITrie  of  sight  from  an  observer 

(or  sensor)  at  ground  level  to  a target  element  at  ground  level 
within  range  banc1  one  (100  met'.r)  Is  .66  (the  entry  In  columns  ’i-2 
of  ca^d  one  1«.  66) . 

Expected  Coverage  Deck.  - The  dec!  h.s  eight  suudccks  of 
four  cards  each.  The  "last  three  cards  In  each  subdeck  ate  zero 
because  the  run  only  calls  for  activity  level  nne  (delay),  Tho 
♦ irst  card  In  subdeck  Oh-  carries  expected  coverages  for  sensor  one 
(forward  observers).  The  expected  coverage  for  this  sensor  type 
In  range  banc!  four  Is  2,2  (the  fourth  entry  on  tbs  card  Is  2.2). 

This  means  that  the  range  and  density  of  this  type  sensor  Implies 
that  on  the  average,  a target  1 oca tc <1  in  range  band  four  will  be  at 

risk  of  detection  by  2.2  sensors  of  u1  s type, 

f.  Probabl lily  or  Detection  Decks  - There  are  eight  10  card 

such  decks  In'llTe  ampTe"  The'Tr'rst~three  cards  In  the  first  deck 
carry  16  range  dependent  probabilities  of  detection  for  forward 
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observer!  detecting  elements  type  one  (troops)  In  the  open,  woods, 
or  town,  respectively, 

g,  Combat  Sample  Pay  Heading  Card.  - The  heading  Includes  th# 
asterisk^.'  Only  on®  seed  1 s provided" (97137) , The  seed  entered 
In  the  second  five  digit  field,  Indicating  that  only  the  second 
time  period  (0600-1200  hours)  Is  to  be  s4mulited.  The  Target  Array 
Di  ‘k  Input  should  be  simulated  using  the  data  relevant  to  combat 
sample  activity  level  one  (delay). 

h.  Acquisition  Clock  Time  Distribution  Deck.  - The  entries  for 
time  periods  one,  Three  and  four  are  taro  TTFufrun  will  not  address 
these  time  periods),  The  first  three  digit  entry  on  card  two 
directs  that  3.7  percent  of  the  acquisitions  that  occur  will  occur 
during  the  first  i5  minutes.  Ths  second  entry  Implies  that  7.9 
percent  will  occur  In  the  first  30  minutes. 

I.  Multiple  Acquisition  Distribution  Deck.  • The  entries  for 
hours  of  TarlcneS!  (card  one")  a re  Tero  because  the  run  will  only 
address  the  mornt:,g  (daylight)  purlod.  The  second  ontry  on  card 
two  Implies  that  20,1  percent  of  the  units  acquired,  will  be 
acquired  twice. 

J.  Target  Array  Deck,  - There  are  772  individual  targets  In  the 
array.  The  Wnlli Target  has  Identification  number  10  (It  need  not 
be  10).  Target  10  Is  located  at  coordinates  806276.  lnrget  10  Is 
In  tne  open,  Is  fleeting,  and  has  a category  code  of  "1".  Target 

10  Is  16  Hectometers  from  the  FEBA  and  has  principle  elements  of 
type  throe  (tanks  and  armored  vehicles).  Target  10  has  120  troops 
at  risk  of  detection  and  13  tanks  and  armored  vehicle:  The  same 

number  of  troops  and  vehicles  are  at  risk  to  artillery.  The  target 
Is  In  a 2S0  meter  radius  circle, 

:i.  fiesulU,  - The  listing  which  results  from  executing  the  sample 
Inpul "Beck  1c  contained  In  thopcer  VI,  The  user  cannot  expect  to 
duplicate  thu  run  because  of  the  stochastic  nature  of  the  process- 
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1AKGLT  ACQIJISH  ION  MODEL 
CHAPTER  VI 

SAMPLE  OUTPUT  LISTING 


1.  Gei.wral . - The  sample  output  listing  that  follows  is  based  on 
a run  of  TAM  with  the  inputs  exactly  as  specified  in  the  sample  in- 
put lifting  contained  in  Chapter  V.  The  user  will  not  be  able  to 
repro  e the  run  because  of  the  stochastic  processes  involved.  The 
sampl  output  is  In  three  sections.  The  first  section  (see  pages 
VI-5  through  VI-9)  is  a time  sequenced  list  of  the  acquisitions 
which  occur  during  the  6-hour  time  period.  This  list  is  a line 
printer  output.  The  second  section  is  a summary  of  acquisition 
events  (see  page  VI-10).  The  third  section  (see  pages  VI-11  ff) 
is  a listing  of  the  card  punch  output  of  t be  acquired  target  list. 

? . Abbrev iations 

a.  Acquired  Target  List  tion . - Column  heading  abbreviations 
used  in  the  section  are: 


* 


(1) 

TIME 

: Clock  time  that  acquisition  occurs 

(2) 

TARO 

i:  Target  iuentif ication  number 

(3) 

COORDS:  Target  coordinates 

(4) 

CT: 

Target  category 

(5) 

OWT : 

Open,  Woods,  Town  codes 

(6) 

M: 

Mobil i ty  code 

(7) 

RFLBA:  Target  Distance  in  hectometers 

(8) 

T: 

Type  element  detected 

(9) 

NEL: 

Number  of  elements  T in  target 

(10) 

DTT: 

Number  of  jlements  T detected 

(11) 

EST: 

Estimated  number  of  elements  T in  the 

(12)  RAD:  Actual  target  radius  (first  digit)  and 

radius  (last  digit) 

(13)  SENSORS:  List  of  sensors  which  detecced  the  target 


b.  Sunmary  Section.  - The  upper  matrix  \>\  events  an  analysis 
of  the  input  targe  array  by  target  category  (column  headings)  and 
by  target  radii  (row  headings).  The  last  row  presents  the  distri- 
bution of  the  targets  in  the  array  by  16  range  bands  (described  by 
user  input).  Tire  lower  matrix  presents  analogous  data  based  on 
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the  acquired  target  list.  The  data  present  J by  categories  id 

radii  includes  multiple  acquisitions  of  the  S3me  target.  The  data  I 

presented  by  range  band  do  not  include  multiple  acquisition.  The  j 

user  can  conclude  from  the  sample  output  that  97  distinct  units  j 

were  detected.  These  detections  resulted  m 238  acquisitions  (and 
fire  mission  requests).  The  only  abbreviation  used  in  the  summary 
is  REP,  which  means  replications  performed. 

c.  Card  Punch  Section.  - The  data  presented  in  this  section 
has  no  headings.  The  interpretation  of  these  data  are  outl ined  in 
Table  VI-1. 

TABLE  VI-1.  Punched  Data  Output  Format  < 


Col umns 

Data  Description 

1-4 

Clock  time  acquisition  occurs 

5-8 

Target  identification  number 

9-14 

Target  coordinates 

15-16 

Target  category  code 

17-13 

Target  environment  code 

20 

Target  mobility  code 

21 

Type  element  detected  code 

22-23 

Target  true  radius  code 

24-25 

Target  estimated  radius  code 

26 

Detecting  sensor  code  (one  for  observed 
targets;  two  otherwise) 

27-29 

Troops  at  risk  to  artillery 

30-31 

Tanks  at  risk  to  artillery 

32-33 

Equipment  type  three  at  risk  to  artillery 

69-71 

Number  ' observed  tanks  and  armored  vehicles 

72-74 

Number  of  tanks  and  armored  vehicles  in  target 

Vi -3 


3.  Diagnostics . - if  any  of  the  target  array  inputs  exceed  the 
constraints  stated  m the  input  specifications,  the  output  will 
be  headed  by  a column  of  target  identification  numbers.  The 
numbers  will  refer  the  user  to  the  specific  target  card  which 
contains  unacceptable  date  elements. 
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